Objective: To analyse trends in diagnostic practices of thyroid diseases and to relate them to the increase in thyroid cancer incidence in France over time. Design: From 1980 to 2000, a French retrospective multicentric (three endocrinology and three nuclear medicine centres) study of thyroid diseases was conducted on 20 consecutive unselected patients' records, sampled every 5 years in each centre. Methods: Characteristics of the population and diagnosis procedures (thyroid ultrasonography (US), radionuclide scan, cytology and hormonal measurements) were described over time. Changing trends in operated patients and in cancer prevalence were analysed as well as the impact of practices on cancer incidence. Results: The study included 471 patients (82% female, mean age 46.7, range 9-84 years), referred for nodular thyroid diseases (66.7%) or thyroid dysfunctions (33.3%). A significant increase in US (3 to 84.8%) and cytological practices (4.5 to 23%), and a decrease (89.4 to 49.6%) in radionuclide scan procedures were observed over time. Although the proportion of patients undergoing surgery remained constant (24.8%), the prevalence of cancer increased among operated patients from 12.5 to 37% (P ¼ 0.006). In a Cox's proportional hazard model stratified on the clinical characteristics of patients, only the cytological practice, regardless of its results, was significantly associated with the occurrence of cancer: relative risk (RR) ¼ 4.4 (95% confidence interval (CI): 1.
Introduction
Over the last two decades, thyroid cancer incidence has increased in several countries including France (1 -5) . Several factors have been proposed as explanations for this increase, especially changes in diagnostic medical practices as well as in surgical and pathological ones (6) . Indeed, the spread of new and more sophisticated diagnostic techniques such as ultrasonography (US) and fine needle aspiration biopsy (FNAB) has altered the management of thyroid diseases over time (7, 8) . How these changes in medical practices have contributed to the increase in incidence of thyroid cancer has never been studied rigorously. This study aimed to address this specific issue in France.
Materials and methods
We carried out a retrospective multicentric study for the past two decades in six hospital centres distributed throughout France (three Departments of Endocrinology located in Lille, Marseille and Lyon and three Departments of Nuclear Medicine located in Paris, Villejuif and Poitiers). From 1980 to 2000, at 5-year intervals, 20 consecutive unselected patients' records were sampled from January 1st onwards, in each centre. The cases were patients referred for the first time for thyroid diseases (nodular thyroid diseases, thyroid dysfunctions) to each department.
In each centre, data were provided by medical record analysis. Age, gender, nature of referral (primary care physicians, endocrinologists, surgeons, gynaecologists or other specialists) were recorded as well as the reason for undergoing evaluation of thyroid function. For patients subjected to surgery, the possible presence of a thyroid cancer based on histology analysis was recorded. All imaging (thyroid US, radionuclide scan), cytological (FNAB) and laboratory (thyrotropin (TSH), free thyroxine (T4) and triiodothyronine (T3)) studies ordered by each physician since the first detection of thyroid abnormalities were listed and numbered. Patients presenting a history of thyroid carcinoma were excluded. In two centres (Lille and Marseille), retrospective study of medical records was only available from 1990 onwards.
In all cases, information was available from medical records for 471 patients. In Lyon, only thyroid nodular diseases were included. Thus, patients from this centre were included in the analysis of the description of the medical practices, but excluded from the study of the influence of these practices on the clinical outcomes. A total of 117 (24.8%) patients had been referred for surgery.
Statistical analysis
Because this study included a defined number of patients per period and per centre, we were unable to evaluate the true variations of the incidence of thyroid nodule and cancer. In addition, because the centres included were arbitrarily chosen, we aimed not to estimate the absolute frequency of medical practices and of thyroid diseases in France, but to study their relative variations over time.
In contrast, because the selection criteria of patients in a given centre were the same for various periods of consultation, we aimed to study the variations in medical practices and in thyroid diseases among referred patients, as well as the relation between the variations in medical practice and the observed frequency of thyroid cancer. Since the number of patients included in each centre could vary with time, all the analyses had to be stratified on the centre.
Characteristics of the population, prevalence and time trends of diagnosis procedures were recorded over the last two decades and tested using x 2 test. The results of the US, FNAB examinations and radionuclide scans have not been collected and therefore were not taken into account in the analysis. Time trends of the proportion of patients subjected to various medical practices and of patients affected by a thyroid cancer were analysed, controlling for variables such as centre and/or referral reason.
The data analysis of the impact of medical practices on thyroid cancer incidence following consultation was based on methods of survival analysis, using Cox's proportional hazard model. We considered initial time as the date of the first examination. Final time was defined as either the date of thyroid surgery or the date of last consultation from non-operated patients (censored cases). All calculations were made with a 5% significance level, in a two-sided hypothesis.
Results
Characteristics and evolution of the population (Table 1) Gender and mean age of the population corresponding to the patients' records are listed in Table 1 . The proportion of women significantly increased from 74.2 to 92.1% (P ¼ 0.005), except in 2000. This significant temporal trend observed over the years persisted even after controlling for referral reason and for the centre (0.009). The mean age of patients at initial referral did not significantly differ over the course of the study, after controlling for the centre (47.5^13.7 vs 44.9^16.4) (P ¼ 0.3). No significant trend was observed in the proportion of referred patients according to the nature of referral physician (primary care physicians vs specialists) (P ¼ 0.2; Table 1 ).
Reasons for referral
Referral patterns were classified as thyroid dysfunctions (hypo-or hyperthyroidism) or nodular thyroid diseases including nodules detected incidentally through imaging (ultrasound, computer tomography (CT) scan or X-ray) ( Table 1 ). Thyroid nodule was the main reason for referral in 295 patients (66.7%). Despite a slight increase over the course of 20 years, the proportion of patients presenting nodular thyroid pathology did not significantly increase, when controlling for the centre (P ¼ 0.04). The proportion of patients with thyroid dysfunction remained at the same level (Table 1) . However, over the period, the proportion of patients with incidentally detected thyroid nodules significantly increased from 2.5 to 8.6% of patients with thyroid nodules (P ¼ 0.007) ( Table 1 ).
Physical examination
Thyroid palpation was normal in 111 (24%) patients and detected a thyroid nodule in 146 patients (31.7%). Time trend proportions of such physical findings did not significantly differ with time when controlling for the centre (P ¼ 0.13).
Characteristics and time trends of diagnosis procedures
During the period covered by this study, patients were subjected to various medical diagnostic procedures as listed in Table 2 . Unsurprisingly, the proportion of radionuclide scans was higher in nuclear medicine departments than in endocrine departments (P , 0.0001). US was widely prescribed in both types of department. FNAB was more often performed on patients referred to departments of endocrinology than those referred to nuclear medicine departments (P ¼ 0.0002). Within the series, 92 patients were subjected to both US and FNAB study. The prescription rate of thyroid scintigraphy decreased significantly from 89.4% in 1980 to 49.6% in 2000 (P , 0.0001) ( Table 3 ).
In contrast, the proportion of patients in whom US and FNAB had been performed increased significantly over the same period from 3 to 84.8% and from 4.5 to 23% respectively (Table 3 ). Of the patients with thyroid nodules, 8, 39, 19, 42 and 36% were subjected to FNAB 
Trends in thyroid surgery and characteristics of the patients operated on
Of the 471 patients included in the study, 117 (24.8%) had been referred for subsequent surgery (94 women, 23 men). Patients presenting thyroid nodule(s) underwent surgery more often than those with other referral reasons (42 vs 17.7%; P , 0.0001). The mean age of the patients operated on was 45.5 years (minimum 17, maximum 78 years); this was no different to nonoperated patients (P ¼ 0.3) and there was no temporal change.
In this 20-year period, no change was observed in the proportion of the patients who were operated on, when controlling for the centre (P ¼ 0.9). This remained true whatever the referral reason (P ¼ 0.5) or the clinical findings (P ¼ 0.8), or both (P ¼ 0.6). More precisely, the proportion of operated patients presenting with thyroid nodules at referral or at physical examination did not change significantly over time (P ¼ 0.6 and 0.2 respectively) ( Table 4 ). In addition, there was no difference in the proportion of operated patients whether the charts had been collected from endocrine or nuclear medicine departments (P ¼ 0.5) ( Table 4 ). Of the 117 patients operated on, 81 (69.2%) had sonographic examination, 96 (82.1%) had radionuclide scans and 48 (41%) had FNAB. More interesting is the proportion of patients subjected to a combination of procedures. Sonographic examination and FNAB were used in 34 (29%) patients operated on, in contrast to the 83 who were subjected to neither US nor FNAB or were only subjected to one of these procedures. Sonographic and radionuclide scans were used in 66 (56.4%) patients and radionuclide scan followed by FNAB was used in 38 (32.5%) cases. In total, 25 (21.4%) patients underwent all three procedures.
Thyroid cancer in patients operated on and in relation to management procedures
Of the 117 patients operated on, 21 (17.9%; 7 men, 21 women) had a thyroid carcinoma. The mean time interval between initial referral and surgery was 15.4 months (1 -108 months). The size of the cancer, available in only 17 charts, was 31.3^28.7 mm (3 -120 mm); two of these were microcarcinomas (3 and 6 mm). Of the 34 patients operated on who were subjected to both US and FNAB study before surgery, 12 (35.3%) showed a carcinoma. This proportion of cancer significantly differed from that derived from the 83 patients who were subjected to neither US nor FNAB or who were only subjected to one of these procedures (9 cancers, 10.8%) (P , 0.05).
Of these 117 patients operated on, the proportion of carcinomas increased significantly from 12.5% in 1980 to 37% in 2000 (P ¼ 0.006). This increase was observed in those patients with thyroid nodule(s) ( Table 4 ). Using Cox's proportional hazard model stratified on the demographic and clinical characteristics of the patients at the time of consultation, only the FNAB test was significantly associated with the presence of cancer with an RR of 4.4 (95% CI: 1.1-16: P ¼ 0.04).
Discussion
In addition to the well-known risk factors of thyroid cancer such as radiation exposure, increased diagnostic activity has long been suspected to be of etiological importance in the observed increase of thyroid cancer incidence (6, 9, 10) . Population-based data derived from national cancer registries are useful to ascertain the impact of changes in medical practices on cancer incidence. Recently, Verkooijen et al. (6) reported that opening the clinical files of patients diagnosed with papillary thyroid cancer and retrieving information on method of diagnosis demonstrated the increase of cytological practice, with 50% of the papillary cancers diagnosed in this way. Indeed, FNAB has been recognized as the most reliable and best diagnostic tool for detection of malignancy in thyroid nodules (7, 11) . In fact, it is likely that the incidence and prevalence of cancer of the thyroid gland (so easy to explore) have the potential to rise continuously as detection thresholds for such cancers are lowered by advances in imaging and as preoperative selection of patients improves. It is our view that the study of the clinical files of patients with suspected thyroid disease, regardless of the diagnosis, should give relevant information, especially concerning changing trends in the surgery of thyroid diseases, data that are unavailable in cancer registries. The aim of our study was twofold. First, to illustrate changes in the characteristics of the referred population with thyroid diseases and to analyse trends in the prevalence of diagnostic procedures over time. Secondly, how such technical advances change physicians' perspectives on thyroid surgery and how they explain, at least in part, the increased prevalence of thyroid cancer in operated patients.
The arbitrary choice of the centres and the geographical discrepancies in the management of thyroid diseases related to physicians' medical customs and technical capacities of the centre, precluded an analysis of geographical variations of the prevalence of thyroid disease and thyroid cancer in France. Nevertheless, the overall similar sample selection of patients in each centre allowed us to analyse time trends of clinical characteristics of patients and medical practices as well as the relation with the presence of cancer.
In the literature, there is a lack of population-based data concerning the characteristics of the population that initially consulted for evaluation of thyroid disease. Our results show that the proportion of women referred increased over the last two decades. Two factors could explain this observation. First, women are known to be the main consumers of health care, of prescription drugs and the primary decision-makers about health care for their families (12) . In fact, women are more likely than men to undergo an evaluation of thyroid function for benign causes. Moreover, as reported by Sigurdson et al. (13) workers today have easy access to health care. Secondly, thyroid diseases are more common in females (14) .
More interesting was the observed trend in the referral patterns of patients and in physical findings over time. The proportion of patients referred for palpable nodular thyroid disease or for suspicion of thyroid dysfunction remained stable; this contrasts with the significant increase in patients referred for nodule(s) that were incidentally detected through imaging. As reported in the literature, this is probably due to the spread of thyroid gland US that increased in our series from 3 to 85% over the past two decades. In our series, patients underwent US and FNAB more frequently in endocrine departments than in nuclear medicine departments (Table 2 ). This result may be explained by the fact that patients are referred to the endocrinologists who are responsible for the ultimate management of patients. More interesting is that the increase in US practice over time was observed regardless of the nature of the centre to which the patient was referred and was associated with a decrease in the proportion of radionuclide scans performed. Some authors reported similar results, arguing that thyroid scans provide little information in patients who undergo FNAB (15) . Such ultrasonographic changes in practices were similar to those observed in North American and European surveys, but information in these latter cases was derived from answers to a questionnaire distributed to physicians which had a poor response rate and consequently did not reflect the reality of daily practices (16) . Moreover, it was not possible to study changing trends in the management of thyroid nodules in this study. In our study the marked increase in the proportion of cytological practices only reached 36% of patients with nodular disease in 2000 in France. There are two possible explanations. First, FNAB is not a procedure commonly prescribed by primary care physicians. Secondly, even among specialists, disagreements persist on the diagnostic value of FNAB, especially concerning suspicious cytological results and whether or not to operate in the presence of benign cytological findings. North American endocrinologists rely heavily on FNAB results; however, European endocrinologists, especially French ones, perform supplementary testing such as US, and will opt for surgery in cases where there are clinical or US features favouring thyroid malignancies despite benign FNAB results (16, 17) . These results are in accordance with the study of Hölzer et al. (18) on the current patterns of care and disease characteristics for patients with thyroid carcinoma where FNAB of the thyroid is highly recommended in the current Clinical Practice Guidelines available in Germany but FNAB was performed in only 27.4% of the patients. These results emphasized the fact that diagnosis of thyroid carcinoma is often derived from a combination of US, thyroid scan or FNAB, together with clinical findings.
The design of the study allows us to conclude that the proportion of patients operated on was stable over time, when controlled for the centre. A similar result was reported by Fahey et al. (10) over a 30-year period. More precisely, in our series, this lack of increase was observed in patients presenting a nodular pathology. In this connection, it is very interesting to observe that the incidental detection of thyroid nodules, made possible by systematic imaging, did not promote an increase in the prevalence of patients undergoing surgery. Improved imaging procedures, notably US resolution, led to the detection of suspicious non-palpable nodules requiring FNAB (19 -21) . Thus, referral patterns of thyroid nodules that required surgery have changed but the proportion of patients subjected to surgery remains stable, thanks to better preoperative selection of patients. However, the proportion of cancer among patients operated on dramatically increased from 12.5 to 37% over the same period and reached values similar to those reported in other series (10, 22, 23) . As reported by Gharib et al. (7) , the percentage of patients undergoing thyroidectomy has even decreased by 25% and the yield of carcinoma in patients who undergo surgery has increased from 15 to at least 30%.
Even more interesting is the analysis of the type of procedures ordered and performed and their association with the detection of thyroid cancer. Our results showed that the prevalence of cancer in operated patients subjected to both US and FNAB procedures before surgery is higher than in those who had not performed these tests. Thyroid cancer incidence analysis based on methods of survival analysis demonstrated that only FNAB, regardless of its results, was significantly associated with the presence of cancer. To the best of our knowledge, this is the first study that attempted to examine the association between changes in practice and incidence of cancer in thyroid diseases in general. As reported by some authors, the introduction of FNAB altered the referral patterns for surgery and promoted the detection of cancer (10) . Nevertheless, larger studies are needed to determine whether the increased incidence of thyroid cancer is not simply the result of an altered thyroid nodule referral pattern because of FNAB, but also the result of performing more extensive surgery for multinodular goitre, thus yielding more thyroid tissue and more slides for pathologic examination and hence the increase in detection of occult papillary cancer. In our series, two of the cancers were microcarcinomas incidentally detected at pathology. Further research is also needed to elucidate the impact of changes in histological criteria. The small number of cancers observed in this study precluded us from addressing this specific question.
The present survey represents an effort to analyse the impact of changes in medical practice attitudes on the prevalence of cancer in operated patients and outlined the association between the spread of FNAB and the increase in thyroid cancer. The contribution of this management change also has to be compared with that of the surgical and pathological procedure modifications which have occurred during the last two decades in order to fully account for the observed thyroid cancer increase.
